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[^EESS] 0001 
[HI#aXH 2002.04.18 

[^S2I Sij] SOI^IffllOlIi gf| gj 0(B xjojof 

[^S2J ORGANIC SILICATE POLYMER AND INSULATION FILM COMPRISING 

THE SAME 

1-2001-013456-3 

[CH£I2I] 

ISii] ^QI^SISB] 
[ CH & 2J SEE] 9-2001-100003-6 
UISSSBIAU i§§ 

2001-042182-4 

SS5;|] KANG.JUNG WON 

[^BJM^&lS] 741102-1010813 
[?@S15] 139-230 

AiS^^AI ^eoH^ 2§ 306s 

KR 

[&S2j SgS^ll K0,MIN JIN 

[^SJs^ffl^J 640213-1042416 

305-340 

[ "^ ] CHS^SUI £§§ LGMSJOHIFM 5§ 304S 

r^j kr 

[£!S°I 9SS?I] SHIN, DONG SEOK 
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20020021140 
[^9 IF] 



«BJ 2003/4/8 

700129-1140621 
138-240 

k\mmmh\ &w=? tiam Aisomm 48^ 207s 

KR 

KANG.GWI GWON 

750725-1063734 

157-013 

AiS^AI £Ui? si^3m 1036-19S 
KR 

MOON.MYUNG SUN 
711015-2149517 
302-120 

diss^ai k\=? gcHBiomm mm 804^ 

KR 

yell 3 

NAM,HAE YOUNG 

751007-2388219 

361-272 

mmms. s^ai m^=? mo\2m saouim 103§ 4072 

KR 

£l£J^ 

CHOI, BUM GYU 

730216-1346113 

305-751 

KR 
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§SS^I] KIM, YOUNG DUK 

[^&1#^SSJ 681008-1055318 

305-390 

l^±] CHS#2?AI &2im 101# 904S 

[^Sj] KR 

ISS2I ^Sl^l] Spin 
[gS°l §§H^I] KIM.BYUNG RO 

[?^§^S1§] 680928-1018010 

305-762 

l^±] CHSS^AI SEJe SM^sOHttS 406M 406s 

KR 

[£§21 SSfi^l] KWON.WON JONG 

[^EJM&J^] 700107-1037611 
[^JBfflSl 305-728 

chs^ai s&ie Aiigom^ 106§ 705s 
i^m kr 

[&S2I ggfi^l] PARK, SANG MIN 

[^&Je^a^l 740603-1409011 
[?SSi2] 301-757 

chs^ai m=? maom^. how 402s 
i^m kr 

imm m^m ni423E°i a 3 on sib esi, ni602°i ^§ 

oil 21a esigAi- b s?aua. cHejei 
^oi^siaei (21) 
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[SSI] 
[S«A1#] 



20 a 

5 a 

o a 
11 & 

495,000 & 

1. fi^AI- SAilAl(£S)_H 



29,000 S 

5,000 m 

0 gj 

461,000 m 
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[ASM] 



£ 71 ^4 ^HH 



4i7>^ ^o^^ ^.g. ^s$^ t o] S^l-o] £2L£H tiV£^ ^}<^ 

^l^ v ^ , ^ °1 ^lsU-^ofl ^«fl afl^^- ^W^r ^£^1 ?M 

Hfl^a ^^^s. A>.g-§ ^ ^ ^ o>^^, o]» ^-g-^ ^<^^m 
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I'M*! I 

^ 7l ^^^°l- ^ °1« ^-fWb *d<£^ {ORGANIC SILICATE POLYMER AND 

INSULATION FILM COMPRISING THE SAME} 

- 7 W ^HH -fl-7l<M*MS f^j]6j] 3} 

#4)*}-7f)ir 71^ J^o] ^7)-gEl?|olE 

*fi2^j, ol^.«E] -e-7]^e]^]o]E o] # ol-g.^ ti]-^] ^ 

&o_^, 2003 ^ofl-b 0.1 ^ sjJL ^-i- o]-g.^- ^5:0} ^ >7> 

%SLsL RC *]<3(delayW i^SH ^€4. #£*fl 

fe 7l*>^^O.S *7>*M, H^S. ^Slfe ^£^4^ JL^S. %#*\ 
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120020021140 



2003/4/8 



*r ^ ^M-i: A>-g-^^o> *M}. *\-rr?i A>-g-^ ^ 

(cross-talk) #4^1 *J ^ 9X^. 

^-g-tb ^*Hr 3^ 7fl^ o>2j Al^l^o] ^aJs] 

^Hfl^l IC, LSI ^ tiVi^l ^7r^ zfl^b -ff^H^V 4.0*] Si0 2 7> 

£)JL &t}. ^4 F-Si0 2 ^ ^-f IMtM 6 % °l#<a ^SLS, lr<^ 

^7> £M o] ^ o.3tt o.^Aj-^= 3.5 ol^s. #^7j <H3£ 5U^-. 

>5H=» ^ -B-71 ji^-7>^ ^-f-ifi-a- ^^M- SE^b ^-fr^M ^ # 

3- ^ <M <£V\Z\ 9X^. °1« -fi-71 ZL^>#^ tflJfS: -fr#^7> 3.0 °1 
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^ ^1 200-450 t:^ JL^}^) ^7}, oV^^sq- ^1- ^ ^ 

?1] ^r* 7}^]^ -B-7l Jl^V^ 4i7> afl^d^ 41 ^^H^ ^7} 

o. o. 7 ]^^?i]oiie ^^f^l4. °1 ^-8r -B-71 >gfMr 

T}. o]3l^ ^flS-^ afl^ ^ -£>*fl^ ^^K>£: 3.0 <=>1^>^ «15L3 -B-^ # 

#3. 450 °C^H l^-^-S. ^B>4. ZL^, ^7) ^ ^ ^ 

^ ^1 ^*Rr °-5L 1 /an ol#°) 3.^0] ^^> 7 ] €-*H3 

o] o}t}. s^r ^"71 ¥I^Kh8r -ft-7] Ji^-7H 0.3. ^ 71313 

ZkSL^, tt3. 2.5 ^*>1- ^*>7] 7>^-* JE<Sm ^ 7l?)13 

<8> ^-fr^* -^-7}^^ 71313 ^ ^-7l-M&|?ll^lS^ 

tfltb ^7> ^ a^-s)^ 

°l^-a!7> is}±r 7] #3 47j|] 
<9> -^-71 ^ S-afl^-g- ^^^>J17>, tiVS^l ^7>fil ZL^S^ ^Wl^^ 

^ ^Al^ ^ o^JI, ^-4? ti^fil -#JL ^^M: 31*1*] 7^>A]^ ^ 7-1 -B-^ 
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120020021140 #^ 2003/4/8 

<u> ^ rfca s.^^. 7 ]^^ # ^ol o.^>^i ^A}ofl ^-f^ -f^V -<f 

7]^E]?flo]E jl^>s>|- ZLSl afla^, o]» °]-g-*Hfe- ^<gnv ig^-g. ^ 

o] S^l-^r ^-g-^r afla^, g ol^«-E^ aflSS^ €<S*M: X^Kr 

<n> #7] ^*>7l £ ^7}^^o)B. ^2l#^<$ 31 

<12> a) ^>ol^ ^s^l^ »l^Rr ^1; 

<13> b) ^-7] a) ^31^ # 3E-b ^3.^ 

<14> -g-Al?!^ ^1; ^ 

<15> c ) -g-pflofl 

<16> i ) ^-71 b)^^l^ #5)-^ *>Ol = S. 

<17> ii) ^-71 b)#3l^ «H=5. ^^rW#, ^ -g^W S^- ^ 

<18> ^ ^^JH^ 

<19> * ^, # ^ <M* 7 }*H 7H^*fl £ ^^-g-Alfl^ cj^] 

<20> # 3L^-*Hf -fM^SMMH ^^1^ *fl^t}. 

<21> #7] *fl2:5|^- -&-7] <g &) ?)] o] E ^^|# 5L^*Rr 

£.*fl i*>£] if^-g. ^ °] S^l-o] JEisM «>5E.*f| ^7}^| ^ 

<22> H>£^ ^<g^ fg>$.§- Sl^H. 
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<25> b) -B-71-g-nfl 

<26> » S^SHr ^A^-g. s^^g- 

<27> ^7l ^<£^" ^^-g- 

<28> c) -e-7l^>, -B-7l#El^, -8-71 «S.BJH. pH 2^1, #S.c]=^- ^ 7^ 

<29> a^- ^ a>£.S{| ^}^\ Q<£^2) ^SlHH , 

<30> a ) ^-71 -B-7l^sj?flolE f^fl^ afl^HiJlS. *i|2£|^r -R-7l-M^?flol^. ^ 
<3i> ^ *)]-!- ^i?Rr ^1; 

<32> b) -^"71 a)^l^ -fr^-gB^lM f^-*fl, ^ ^^.Al ^7H1» -§-*Hl ^«fl 
<33> #7fl; 

<34> c) ^"71 b)#7il2l -a-7l^e)7flo]M f^l^l -g-o^ l&JESfl ^7>}°} 7}^] S. 

<35> 5L^Rr ^ 

<36> d) ^7] c)t£7\)2] #2: ^ dtl^Rr ^Tfl 

<37> # 5L^>^ ^2:^ ^ o] ^1^^ afl^Tr ^<S^-§r 5E^>^ 

<38> ol*> £ ^1^7)1 -g^th}. 

<39> ^ ^T^^ 7l7fl ^ #AJ3J. s.^o] -f^tt- Ir^ofl rfl^H 



<24> 
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^ ^4, 7]7fl^ Ir^sj- T^-fj-^ ^A]6)] ^ o>v|^, o]» ^-g-^ 

^ ^O^OI ^<5>JI ( ^QjA^ O-^-g- £^ 7l^|^ 3- 

^ul, oil- £tflS -& 1^§-§: Q*$is}7\) S\9X^. 
<40> ^ ig-x^ SW^S ^WW* ^A]7laL, °1 7K^*fl ^ 

-fr7]^e|?flolE *ll2:*Hf o]^- W*fc %<&n *$^-%- S^l:, °] 

^r-jr 5,^JL ^l^TT €<3^ *H2^, ^ ^lS.^ afla^fe 

SL^Kr ^7>» »l^>fe 3Hcf. 

<4i> # SEb <£3# ^fl^HH «H:E.3. ^WW* ^>sf-^7lZL, ^"71 # 

£r * £fe M*HH = ^ -tt^l^lJl, ^7] ^W 

^ejji^oi^ ^-g-71-^H, S-^l 5}7l Sfrfl^ IS. S^tt ^ 

£^ *>7l 3J-«H1 23. SAl^lb AHf^ *>o]S.S. ^ #5lJL^°i 3J°1 
<43> [^•^ 1] 
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<44> 



R^Si (OSi) m H 

(2m-n+4) 
<45> ^7) 1^ 

<46> R l^ ^ s-^^^S. Iri, o>^, ^ 

<47> m ^ 1 20^ 

<48> l 20^1 ^^r°14. 

<49> [f^^-^ 2] 



<50> 



H k l_SiO-l/(R 2 ) 



2/-k 



<51> <#7] 2^ -^*1M, 

<52> R 2^ z^-Zj- t^^O^ O}^, ti]^, *1«T=1*J 

<53> k, g l£r ^ 3 vfl^l 10^ ^°ll=K 

<54> ^-7] ^£SHS-l-gr «H^*1 SL^ ^7l* ^ 

<55> *M = 3. ^sj-^-S-^r , #aMl» ^7>S A>-§-^ 

- fll*. ^7] Pd, Pt, 3=fe Rh M 4 s ^ ^ 

^ ^-fr A>-g-^V^ <&aMISl 5|ls.A>o]c (peroxide)^-* *}-§-"§- t ^ 
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2)-^ 3 S^r ^>7l 4S JLA)5)^ ^f^^M: A}-g-^ ^o] ti^^tf . 

<57> [J^H) 3] 

Si R 3 p R 4 4 _ p 

<59> ^7] 3^ ^<HM, 

<«> R 3 ^ ^ Sj-^OJi. H]^, oJ.^ > g;- *m=]7il4 ^1^5)^1 

^ ^l^fl^ 1 Vfl^ 4^1 

<61> R4^ ^ ^Ml^l, ^o]^A], 3l^fl 1 

lfl*l 4^ ^AlolZL, 
<62> 0 Xfl^l 2^ 

<63> [2|-^ 4] 

<64> R 5 q R%. q Si-M-Si R 7 r R%. r 

<65> -#71 3^-*) 4^ q<%*\, 

<66> R 5 ^ R7^ 44 «]^, 3E^r ^ltStTjl} 

1 4^1 ^olJl, 
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<67> R6 ^ R 8^ z}-z}- oHl^l, ^>o]^s.Al, 331 3^ £-*13l^ 

i^r 1 4^1 <^3.A]olZL, 



<69> q, ^ r -& ^ 0 221 

<70> ^ ^-7l^e)^}olM *fl S ofl A}~g-^ -g-nfl^ X}-^ ^^tt, #, 

^ «M* fMT^, SE^ #-£3 #3H*i ^KSMI. ^^t-§-<*fl *|3"g- ^Hfl 

€• *ll3h8r ^. <fe^, n-*L3r, i-€^r, n-3)#, 2,2,4-^ 

^<a, s^^i, M^nim oim «, se^- « ^ ^ ^ 

31 -§-*fl; °n^ < &^, n-5.S.$:-§r, i-= 5.^-8:, n-^*, i-^^r, sec-^ 

-i-^^m, ^m^im, ai#5.^^, oHiijoHm ^ ?q 

€- tH^^N-S, 6)H33!^-Ej# clofl^oflBfls, SS^^l#e1« SLlc^^S, ^S.^ 

31 "S-^fl; ^ofl^^VllolE, i^oHlBllolE, ^^oV^BflolE, n -5L5-€<>MH 0 1 ^ , i" 



<68> 
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BflojE , ofl^^ejs. s^^Hl^l^. SSiit2]t 2.^*1] ^ ofl Bfl 5 o]-4 til o] e ( 
N-^^i^>P>ol= f (f-^l£f6}4<>lH, N.N-T^^i^'K 0 '!^, N.N-tH'aS.^M 

o]^ , N-^I^^HlMoV^ois., N-ii^Hli^} 6 !^, N,N-^ii?MlM 0 H- 0 'l^ > 

<72> ^cflA^ 7>^«fi, ^^-^^T #^1^1 71 7] fl*M A >-§-*>^ 53 °1 «> 

^a}^. 7>^«fl, ^^-^r-S-°fl *r ^flfe # # D fl, # n B» 

^ o^Cf. Aj- 7 ] A>-g-7>^ *>^1|3.*r e *i|3H §t°^, *^ 3Nh 

olAV ) ^-a> j s.^-XV, oH1ea>_ ^ffRh €lHh fittaSoMH 

c]tss6HM, ssms^Hl^h E^ts^HlEA> t £r&&, 1k&&, 

^m^i ^v-§-^-s. a>.§-^ list, ^ 



. J20020021140 *^ 2003 ' 4 ' S 

ufl, 2E^ «7l #«flfe- 1 ^ SL^r 2 # °)^4r A >-§-^ *r 

<73> # 7 1 #*fl^ ^7}^ ^>-§" ^ 7>^*V^, aV^-^^-Tfl^ A}-g-^ # 

^3}^-# 1 tfl*D 0.000001 ifl*| 2 -§-^r ^>-§-^ 34. ^7>^o] 43^$. 

<74> AV-g-^ofl #o^, 2:^ Mr # SLfe <$7) <M» °l-8-*M # 

Sb8-« *r 5U4. SE« #^s} <§7l AA * *\ 

5U4. 

<75> ^-71 7}^r&n ^^-tiJ-^-Al «V-§- ^JE^r 0 tfl*l 100 "C^l ?A°} »}^*}31, 4 

^j^Tfl- 15 xfl^J 80 TCSl ?M4. olnfl <g<H*l^ 7H*«-*fl ^ ^ ^> 

^^31 ^ttSv^-fi-S. tilj5L*H 500 °1#°H, ^^^] ^-g-A]ofl^ 500 tfl^l 

1,000,000^1 «}^-2?«}c}. 

<76> ^<*\}*} x= ^<£A s^l-^lfe ^» ^ 

^ o.7l^7}, -*}7]l-eM, <£^ %7}ns. #4. -B-7llr^ ^Hlfe €■ 

^ltSr^r St^, 200 i4|*l 450 TC«M <t€*i)7} 7>^tb #£3. #7} -fM^^H^. ^ 

^7}% ^ 5514. 
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<77> -S- <£*]x\±r n. pH 2^*1], » 

<78> ^- 2s^-M ^ ^S.^- 2 ifl^] 60 yV^^M]^ 5 40 

#^%7> ^ -^^l^t- ^.^ :n3*H ^^W. ^7HAi 

<79> ^<£^ ^^-g- 2^«-8r %)°}*\ , Si0 2 ^11 <=>] ^1 , SiN *!Ms| , 3^ 

» 311 ^S3H^ ^ A>-g-^- ^ ^jOt^ ( o]^ ^.g- AV-g-^M ^ " 
*fl^ ^ ^^Kr ?H 7>^>cf. **|, ^JESfl *1<S^8: 
^" ^-f ^ 3I^f A>-g-^ ^o] ^Uf. 

0.1 xfl^l 2 Affli^l ?H ^^>t^-. 
<81> =L*2 ^6j|i=. ^(^sj-)^^ 7^ 3*>€ ^-7l-^^7llo]E 

SStifl<>l3.(soft-bake) ^-i- i^Kr ^l^. =bHH=L ^ ^>-§-tb 

thg-, ^ ^7]» ^-g^m^. Ti^^ 30 350 °C 

o) £-JEo]}A-l, 350 °C £r5E.olH -^]*Hr ^1 ^^rS.^- 

350 *-fl*l 500 ^Al^ ^o] w}^^>cl-. ^^.^7} 350 °C ^ 

28-17 
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<S2> . ^^^r <£4H ^r2S ^ ^ &J1 2.th 

^-i: AV-g-ig- ^ 7>1 ^71^ 6 >=^, 1# ^ ^ 71^^- 

^71, ^if-B- 7l^l(^m ^-71 ^) ^ ^ ^ ^7l, #2 

i~)o> ^ ^» f-fr*H=r 7^1 ^71 *HM ^ -#7l 7><a«J-^^r #2:^ 

£ 7p5^}t}. 

<83> ^2:^-^4 r^^* 7^ 3f sgSL*\\ ^ ^J=Lo] ^JE. 7} <£o. ^ 

^-g-^M-, ^7l #-¥-2^ "t-B- 7>>i *HH 

S^^Bl7> 7>^>^. ^<3^ ^1^- ^e) SHte -MH 

^ S^Al7l7lu|-, ^1-^ ^71 ^H7HH f§is} 

^ 7>^>aL, ^ ^, ^^M" 100 400 °C*\] 7><I*>^ £o] 

<84> ol^^ <S<H*]^ ^ ^^o] -f^-JI, 2^ 2^ ^3.^^, 

2^3 7 c3-27> S-^f- -f^*>7l m&^l, LSI, A]i^ LSI, DRAM, SDRAM, RDRAM, 
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D-RDRAM ^ ^}-%- %Q ^ ^H^ll ±.A ^ ^"(capping layer), tfr 

H. n>^a.^(hard mask layer), ^ ^^(etch stop layer), t>£.^ ^7} 3} 
2^ ^ cr^wfl^d ^ ^<?1^-, ^^^1 ^7>-§-S} SLi:^-, »fr 

<85> ol§> f ^tg^ § 7 ) wV^-aj^r ^Al^s. ^Al^j-iJI-, ^-71 -^aHItt 

<86> [<g*H] 
<87> -^ aH] 1 

<88> (*}o|;e=5. ^?3:2r^-#^ Xr^- *>-§-) 

<89> <£-§- -§- 7 H 15 g, Bfleej-^ol^s.^ 30 g, Pd/C(10 %) 500 mgS 

^ ^ -g-71^ -£:5L^ 0 "CS. -&-*l*r£i=r. #7] -g-*>H n^^^S. 

3l = 5Hl-^Hr 10 g-i: ^€^1 7>^>J1, ^J-^ (overnight) ^-f^l^tr. ^ -§-^^r € 

^#^» -B-71-g-^fl* ^oflA-^ ^)7l*H 11 ^°\9X 

^ ^>o] = s. €^K> -ar^^:-§-# 19 g^- ^*r5^. 

<90> (-9r7}^n°)^ »12:) 

oi> #71 *M^-S. ^2l-a>-S-l- 8.3 g, ^ BHM^}olES.f^ 12 g^- «> 

-g- -g-7Hl ^5W. #7] -§-<33Ml 72 mg^ <g^4i» ^^1 ^^Hr 1.4 g^: ^7> 
^, ^r£» 70 ,§-3} ^(overnight) #-§-*mth -§-^-i: 
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<93> #7] -fr7l^e)7llolE SL^nfl ^ ofl Bl] s 61-^1 Bfl ol E al| 

-8-^ ^^M^ $|of) ^ 3*3 *H £-2-, ^ ^7l^Hl 425 r 

<94> -^aHI 2 



<96> aV-§- -g-7]ofl nfl^ 100 g, Pd/C(10 %) 300 mg» ^ ^, *7l 

§1 (overnight) ShM***. * ^1^^, 

^-71-g-nfll- ^°\}*] Z\]7)*}<^ *Mr=S ^^T-S-l- 72 ^^^4. 

<98> ^-7} i5\o)]^S- ^ 6.5 g, ^^H^^f^ 16 g, ^ *»| 

^ 4. 6 tiV^- -§-7H} ^iicf. Aj- 7l -g-on^ 75 mg^ <*sK^» ^ ^-fr^ 6.5 g 
^ ggtfl ^7>tb 3s -SrS* 70 °CS. ^ W( overnight) ^ ^ 

<99> S) 



<92> 



<95> 
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<ioo> 



13}- ^±3, ^^M: ^)^\%^-. 



<ioi> <£X\<% 3 



<102> 



<103> i*V-§--§-7H vQ^tq^n^-^l ^ 10 g, *fllMr 1.2 g, ^ ^MB}-*H>lS3.fl-^ 8.36 g 

Sr 41 £r 34 mg2l «33H^7> ^fHr 1.4 gi 0 °C<HH 

2j|7i*M 5.3 g^ is\o}^sL ^7}^n ^WSft^. °1 ^7}^^ 

^#0)] 8 g, ^MeJ-^-^l^S^^: 16 g, g Pd/C(10 %) sj-'M 300 mg^r 

^(overnight) ^-§-^1^^. #-g- * -§-^ *)1 7i 15>J1 , -ff7]-M 

» ^«fl *f|>1«H 8.4 g^ ^^V£^. 
<104> (-B-7l-^7l^el?flolm -f^*fl ^3:) 

<ios> #7l ^^>-§-#^- 30 BllSBf 75M = 3.*3H| ^Sl ^, <*)7H] 108 mg^ 

^SH^V ^Sife ^Hr 5.3 g* 7^>^cf. ^7} ^, ^5L* 70 #3 

<106> (^Sl^^ *)l2-) 

<io?> #71 is). ^<ut_- s^iAs. €«?i^M- ^l^>^Cf. 

<108> ^aH] 4 

<109> (-B-7l^7l^^?flolM *fl2:) 
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<no> #71 lcflA^ ^s.^ *Hi=3. #5^-g-& 5.1 g(# i^), 

1.5 g, ^ bUS^H^S.^^: 9 *7H ^JL, c^H 256 mg^ ^ 

4h§: ^ ^WK 5 2.1 g* ^7>^cf. ^ 

(overnight) i>^lH4. ^fi ^, -g-*»^ = £ SH^lJI f^^S pH 

7} f^o] € ^r*l ^<^$4. 2<H*l ^S^l-I- °l-§-*M ^, 

<111> (€91^ *fl2:) 

<112> ^-71 -^AH] 13]- 2:^5. *)l2*r£t}-. 

<ii3> tiijaofl 

<114> (-R-7l^7l^ei?ilolS ^2) 

<iis> aV-§- -g-7H] ^^Mej^^-Al^^ 10 g, ^ BflS^M^S.^^ 16.3 g-i- ^-H, ^ 
7H 80 mg^ <§3K~fc« ±t°A ^W^r 7.93 g£ ^7H>^^. ^7> ^ •Sr5.# 70 

TC3. #3 (overnight) ^-§-^^4. i^l^ 

<116> (^^ ^2:) 

<117> ^-71 ^ofl 13)- ^^tb ^S^rSl^. 

<118> -gtg[oj| 

<H9> #7] l 4, ^ ttljaoflofl^ -n-^. *M§*|- 71313 -i^-ir 

S ]-7]^. ^ ^ o.S ^J*K3L. n ^4* *>7l a 14] q-Bj-ifl&cl-. 
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<120> -i) -3-31 ^ - MISCMetal/Insulator /Semiconductor) *<H°fl 4*fl -fr^^K 1 

<121> » 

<122> i_) 7l^H " «r*l^-€-(Hysitron Inc.)4 M^J±^€^(TriboIndenter) 

<123> # A>-g.s>^ ^^-4 7j-£# ^^4. 

<124> [j£ 1] 





^aH| l 


^A|o)| 2 


^^Hl 3 


-M>>HI 4 






2.72 


2.73 


2.73 


2.81 


2.74 


7] 31*1 


E= 4.7 Gpa 


E= 4.6 Gpa 


E= 4.3 Gpa 


E= 8.1 Gpa 


E= 3.4 Gpa 



<i25> ^-7} 5. 1* ^ l^ 6 )! 44 *)l2^r ^Hl 1 ^4 45] *|<34£: til 51^151 

<126> <#7HH 44 ^o], ^ ^tgofl 4^ *\]^ ^-7)^n°)^- ^^Ife >&5c 

31 ^44 jl4-3S}-4 ^al^i^^-g: #^4^ ^ SXjl, ^ Bfl4i4 ^jr ^ ^ 
4*| 4*M^ ^ 4-fr^ «fl^d l-a^ A>-g-^- ^ XI* ^ 6 W2}, 4» 

^^^1 ^-§-tb 4£: ^4^1, J&44 5^3, -fr#-§: 3E.44 7l^]^ 
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a) SMS. 3. ^^%^r af^^Rr 

c) -g-*4H 

# £^ ^, # ^ 7 >£M 7>^«fl g ^ tibial ?1 ^ 

2] 

^7} a) ^V^l^S. ^s^-i-ol *M fl-fl^ IS. S^lsj^ *V°1^5L 
?)JLv], SE^- *>7] 23, g.A]5\S= A>o]#?3 *>o]c^ ^ ^jlx^o] -fM^^MI 

W*W 1] 
R^Si (OSi) m H 

(2m-n+4) 

^"71 S|-«H 1^ 
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R vg. ^ ^^^o.^ <«, «m, sm. s^r 

n£r 1 *41*1 2051 
[ 2] 

H k L_SiO J /( R2 ) 2 /-k 

r2 ^ ^ ^^^o.^ ovm, a* #i 

k> ^ ^ zj-zj. 3 xfl^l 10^1. 
3] 

*lll^l Sl°l*l, 

^71 Pd, Pt. g Rh^-S o^o^t SAS^Bl 1 * ol* # 

^5,^ ^pfl, S ^ ^Ayo]- (peroxide)^ ^7>SL i^fe -fM^^HS 

4] 
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5] 

*7] c)ii>^ » **M**|7> *>7l W 3, SEte *M * 

3] 

Si R 3 P R 4 4 -p 
^-7] 3^ 

R 3 ^ AA ^ W 41 » ***** 

HL^r ^1^^ ^T^r 1 ^1 4^ < a^°l 3 -> 

ifl*l 451 ^AlolJL, 
p 0 ifl*l 2^ 
[J^-S* 4] 

R% R%. q Si-M-Si R 7 r R%. r 

^-71 SfrtM 4^ 

R 5 « tffc ^ 

«sq*| ^ 331 a* i ^ 4 ^ 

R6 * tffe A* W** *ois^l, 2£fe Ste ■* 
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q, ^ r^r ^ o ifl*) 2^ ^o]t}-. 
6] 

C^th 7J 

te^i ^n}. ^.g. s ^ #0 fl sa'^, 

a) 7]^ ^^o.^ ^s)^ ^7l^2]?jo]E g 

b) -fi-71-g-nl) 

» *§^-g. 

c) -fi-7)-g-*>, o r7 )s.^ Tl]i o_ 7] teBH> pH fSO |£^ ^e|^ t ^ ^ 

°}-0^]^ ^<L5L^B\ 1 # o]^ ^7M] 
» ^7>S iE^-^ ^ej- tg^_g. 

a) i ) «H = s afl^Kr #3]; 

ii) #7) i )cf^]^ g >o) = S * Hfe <g3.& &4«MH 4 
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iii) -g-nlH 

1 — ) #7l ii)^]^ #s}-^ ^-o]c^ -g^^-, ^ 5E£r 
b) #7l a)#3]^ -B-7l-^^?flo]E -g-pflofl -g-^l)^ £-31; 

C) #71 b)#3j^ -H-7l#S)?flolE -g-cH^- tiVi^l 4i7>Sl 7)^flo|l £ 
d) #71 c)^]^ #2: ^ d^Sfe #31 

♦ ^*Rr *i<a^q *ns«j-^. 



*fl9^ 7l7fl^ ^ 0_s_ ^l^S)^ tiVi^l ^>S1 ^ S^Kf to^l ^7>. 



10] 



*fl9*J" 7l7fl£l »1SS)^ HhSLSIl d^>£) 



11] 
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